This paper analyzes the legal regulations related to cartography and surveying with regard to the building structures entered into the real estate cadastral database. Particular attention has been paid to the contour of a building structure in the register of land and buildings, and to one of the descriptive attributes -the development area. Under the current laws, the development area results directly from the contour of a building structure. The thesis of this paper is that the current manner of defining the contour of a building and the resulting development area do not reflect the factual status of the building in the field. In order to verify the above thesis, examples of various building structures have been provided that reveal flaws in the definitions. The result is a lack of uniformity in the collected cadastral data in the database of the real estate cadastre of Poland. The consequences of the definitions that are currently binding also include limited possibilities when using real estate cadastral data for economic and spatial planning as well as assessing taxes and benefits.
Introduction
The investment process involving the construction of a residential building requires active participation of a surveyor at each stage of its implementation. Surveying works are already necessary at the stage of preparing a map for design purposes, then with setting out a building based on a construction design and servicing a construction site, then with the as-built measurements at the final stage; and all of these activities are crowned with entering "the building" into the database of the real estate cadastre.
According to Polish legislation pursuant to Art. 21 section 1 of the Geodetic and Cartographic Law [17] , the data contained in the real estate cadastre forms the basis for many other fields of administrative and economic activities in Poland (Fig. 1 ). In addition, as provided for in Art. 21 section 2 of the Geodetic and Cartographic Law, bodies and organizational units performing the tasks referred to in Section 1 cooperate with the authorities of the Geodetic and Cartographic Service on establishing and financing the system of access and exchange of data between the register of land and buildings as well as the cadastral or public records maintained by these bodies and organizational units. The need for data uniformity, its relevance, consistency in its definition, and harmonization follow from the above provisions in order to be exchanged and made available so they can be used in the aforementioned fields of the economy.
Fig. 1. Cadastral data as basis for other fields of economy
At various stages of surveying work as well as in the works related to updating the cadastral database (either via its current updating or in the process of modernizing the register of land or buildings), the surveyor must comply with the definition of the contour of a building in their work. However, when studying "the building," it is not possible to be restricted to its contour only. It should be borne in mind that a building is not just its contour existing in the database of the register of land and buildings. Other components associated with the building that are objects of this register yet entered there as separate building structures despite being related to "the building" in terms of its contour (such as blocks of the building structure or elements permanently attached to it, such as a terrace, porch, vestibule, staircase, support, ramp, entrance to the underground, wheelchair ramp for the disabled) constitute the whole.
Already at this point, it is necessary to emphasize the logical and semantic inconsistency between the definitions in the regulation on the Register of Land and Buildings [25] and the regulation in the Database of Topographic Objects and the base map [28] . In the regulation on the Register of Land and Buildings, the contour of a building is its essential element (whose definition is broadly described there). However, the contour of a building does not have its cartographic representation in the regulation in the Database of Topographic Objects and the base map, as it does not exist there at all. Instead, the term that is used there is the outline (Fig. 2) . The definition of the contour of a building was formulated in §63 of the Register of Land and Buildings, which entered into force in 2001 in its original version and then was subsequently amended twice: in 2013 and 2015. The definition of the contour changed with each amendment; now, it is the third version over the past 17 years in Poland. As a result, the same building can be represented in a substantially different cartographic form both in the cadastral map and base map (depending on the version of the regulation under which it was visualized) [5] .
The second important attribute that follows directly from the contour of a building is defined as the development area of the building. According to §63 Section 2 of the regulation on the Register of Land and Buildings, its size is closely related to the contour of the building: "The development area of a building is understood as the area of the geometric figure defined by its contour [...]." And due to the change in the definition of the contour of a building, the value of the development area of a building also evolves in the real estate cadastre. This is an important attribute of a building in the investment process, since it is necessary both at the planning stage of the development area (the plot ratio) and at the stage of the architectural and construction design of the specific construction project (as well as for the as-built surveys and determining the conformity of the investment with the design) [13] .
Currently, there are various surveying technologies performed both from high altitudes and from unmanned aerial vehicles [12, 16] . These range from classical tacheometric surveys through RTK GPS satellite surveys to laser scanning or photogrammetric surveys. Each of these surveys can result in very-high accuracy in determining the coordinates of the measured point. If this point -measurement terrain detail -is the corner of a building structure that, together with the other corners, is to define the contour of a building, then it should be remembered that, as a detail of the first-order accuracy, it should be determined with an accuracy of 0.10 m to the nearest points of the horizontal geodetic control and measurement control [27] . With a view to such high precision of the measuring technologies that surveyors can use today in their work, the problem does not concern with which instruments to measure in order to perform surveys with the required measurement accuracy but rather what to measure to obtain the contour of a building and the resulting development area that would be uniform across the whole country. Thus, the definition of the contour of a building should be analyzed (and amended in the end) to eliminate the existing errors and inaccuracies and, above all, the possibilities of different interpretations of the law today. Such an analysis and proposal of an amendment to the provisions are included in this article.
Materials and Methods

Analysis of Legal Bases for Register of Land and Buildings in Poland
According to the legislation on the real estate cadastre in Poland, after World War II (theoretically since 1947), buildings should exist in the cadastral survey according to the decree on the cadastre of land and buildings [20] . In subsequent decrees and orders [21, 22] , buildings were treated in various ways, but with the tendency to limit information on them only on the cadastral map. Only the Register of Land and Buildings of December 17, 1996 [23] in §28.1 introduced a list of buildings' cadastral and descriptive data. As far as the definition of the building is concerned, the regulation referred to the provisions of the act of July 7, 1994 -the Construction Law [18] . The 1996 regulation did not contain the definition of the contour of a building. In the next regulation on the Register of Land and Buildings of March 29, 2001 , the concept of the contour of a building was introduced. At the same time, the development area of a building was linked to its contour. However, it should be emphasized that both the definition of the contour and the definition of the development area changed each time during subsequent amendments to this regulation [15] . After a review of the original legislation and subsequent versions of the regulation: of 2001 (and after the subsequent amendments in 2013 and 2015), a summary of the structural elements of a building defining its contour was made (as presented in Table 1 ). The development area shall be understood as the surface area of the geometric figure defined by the contour referred to in Section 1 Clause 3
The development area shall be understood as the surface area of the geometric figure defined by the contour of a building referred to in Sections 1a-1c
The development area shall be understood as the surface area of the geometric figure defined by the contour of a building referred to in Sections 1a and 1b
In the commentary on Table 1 , several cases of buildings will be presented (Figs. 3-12) . Based on the photographs, the provisions of the regulation regarding the contour of a building will be analyzed. This will allow us to demonstrate discrepancies in the interpretation of this term that have occurred among surveyors and in the geodetic administration together with the amendment to the regulation on the Register of Land and Buildings (especially the provisions contained in §63 of the regulation). It will also justify the need to amend the legislation in this respect.
The technological process of erecting a building determines that the foundation wall of the building intersects with the surface of the ground [4] . Therefore, as this is most-common in practice, such a case should be mentioned first in the definition of the contour and not second (which is the case right now) as if it were some special case ( §63.1a and §63.1 b. of the regulation). This means that the contour of a building should be determined by its ground floor whenever it is visible above the ground level (and constitutes the foundation wall). This is especially important, because walls based on foundation walls are not always extensions of them. Sometimes, a ground floor has no vertical walls, and these walls are slanted in many buildings in the historical centers of southern Polish cities; for example, in Krakow in the Małopolska province or in Jarosław in the Podkarpacie province (photographs in Figs. 3 and 4) . Another example in favor of the concept that foundation walls should form the contour of a building is as follows: both the foundation walls and walls of the building's aboveground stories are vertical, but the latter are not extensions of the foundation walls (as illustrated in Figure 5 ). The contour of such a building determined by the foundation walls will, therefore, be larger than the contour that would be determined by the vertical projection of the higher stories. Such buildings are very common. Naturally, there are also situations opposite to those demonstrated in Figure 5 . The thermal insulation of a building makes the walls of its higher stories protrude beyond the surface of the foundation walls; i.e., beyond the ground floor of the building (Fig. 6) . In these cases (Fig. 6) , however, the requirement of uniformity and consistency of the cadastral database should not be forgotten. In the Polish legislation regarding registers, there is the concept of a block of a building structure. If we assume that this is that part that is not included in its contour and, at the same time, we are aware of the acceptable measurement error of the building's turn point (which is 0.10 m in Poland with reference to the control). Then the facedes protruding beyond the contour of a building can be treated in two ways:
-if the vertical projection of the facade of the higher story deviates from the contour by more than 0.10 m, then it should be entered into the database as a block of the building structure; -if the discrepancy between the facade of the higher stories and the contour defined by its ground floor is less than or equal to 0.10 m, then this detail shall be generalized, and the contour conforming to its ground floor shall remain.
A block that is an object in the database will be used primarily to present overhangs in buildings. Unfortunately, under the present legal situation in Poland, some overhangs are part of the contour of a building are included and others (even those of the same size) not. This is due to the fact that, in the Polish legisla- It should be emphasized that it is not reasonable if some overhangs are included in the contour of a building while other overhangs (even those of the same size) are not (Fig. 8) . Overhangs of building structures should form blocks regardless of the fact of whether or not they are supported by pillars. Pillars are denoted in the Database of Topographic Objects with a separate cartographic symbol, and this fact should not affect the database of the real estate cadastre. Analysis of Legal Regulations and Proposed Changes... A certain variation from the above-described use of pillars in construction will be such a building that is entirely constructed on pillars. This is not a frequent case, but it may happen in practice -an example is illustrated in Figure 9 . In this building, neither the foundation wall nor any external walls intersect the surface of the ground. With respect to the definition of the contour, this case is specific and should be considered separately. If the roof is supported by pillars, the recommendation that the contour is defined by the outer edges of the roof ( § 63.1b -introduced in 2015 during another amendment to the regulation on the Register of Land and Buildings) can be described as a very unfortunately formulated provision in the legislation currently in force in Poland -examples are depicted in Figure 10 . By literally applying the legal provisions (and this would be an ideal case from the point of view of the rule of law in the country), it should be emphasized that such a provision states that architectural solutions that introduce pillars as supports of extended roofs of buildings necessitate defining the contour of a building according to the outer edges of the roof. Just as is the case with overhangs supported or not supported by pillars, this is detrimental to the uniformity and harmonization of the data in the cadastral database of buildings and other registers (as demonstrated in [3] ). Examples of various surveying solutions in this respect are provided in [10] . Unfortunately, none of the interpretations presented there are able to withstand criticism, because there is no clear solution in the current legal status on how to present the contour of a building in the architectural form as illustrated in Figure 10. An additional problem is that, in most buildings, there are gutters installed around the roof that obscure the corners of the roof, making it impossible to measure with the required accuracy (Fig. 11) . It might be presumed that, by introducing the provision on the roof determining the contour of a building structure in 2015, the legislator had a specific type of a building structure in mind, such as a pavilion. In the Polish Classification of Types of Construction [24] (which the current Register of Land and Buildings refers to as regards the definition of a building), pavilions are considered to be buildings (Fig. 12) . And, in certain situations that the legislator specifies in §78.3.4 of the Register of Land and Buildings, they are entered into the real estate cadastre [9] . However, if that was the legislator's objective, it was not met whatsoever. At the same time, a lot of confusion and great chaos was caused among ordinary buildings whose roofs were supported by pillars in some places. For this reason, it is necessary to amend the law in this respect. The contour of a building is inseparable from the development area of a building. Table 1 contains a definition of the development area of a building that generally results from its contour but is defined slightly differently in each version of the regulation.
Based on the examples discussed here, the proposed definitions of the contour of a building and of the development area will be presented in the next chapter to eliminate the above-mentioned defects.
Discussion
Proposed Definitions of Contour of Building and Development Area
An amendment to the Register of Land and Buildings put into effect in 2013 introduced a number of detrimental provisions regarding buildings. The illegibility of the content of the provisions, disorder, and often a lack of mere logic in their formulation made it necessary to interpret the law rather than to use it. Chaos, inconsistencies in interpretation, and qualification of field details in buildings occurred. The scope of the attributes required by the provisions of the regulation for a building to be entered into the database became enormous. Of course, this turned out to be unrealistic in practice, given surveyors , inability to capture much of this cadastral data during geodetic surveys or field inspection.
Another amendment to the regulation introduced in 2015 eliminated certain errors (for example, private pavilions that are parts of households were removed from the real estate cadastre); however, it redefined the contour of a building at the same time, extending it to the outer edges of the roof if the roof was supported by pillars. This record must be absolutely changed and placed in its revised wording in a separate subsection so it is clear that it refers to pavilions only.
To sum up the above considerations, the author tried to regulate the definition of the contour of a building. Before attempting to formulate the definition of the contour, it is necessary to specify which elements of a building should be included. At the same time, what is to be understood by the development area of a building should be defined as a very important indicator in correlating the data contained in the real estate cadastre and the construction industry as well as spatial planning and development. For this correlation and interoperability of the cadastral data with other industries, the author believes that the contour of a building should include its "ground floor," while the development area should cover both the contour and the overhangs, which are blocks of a building structure (regardless of whether they are supported by pillars or not). After numerous analyses carried out in several of the author's studies and conference speeches, she suggests that the proposed definition of the contour of a building contained in the real estate cadastre should be as follows:
§ 63. 2. The contour of a building structure referred to in Section 1, Clause 3 shall be as follows:
2a. If the foundation or cellar walls of a building structure intersect with the surface of the ground, the contour of this building structure shall be a closed line defined by a rectangular projection of these foundation or cellar walls onto the horizontal plane.
2b. If the foundation or cellar walls of a building structure are not visible, the contour of this building structure shall be a closed line defined by a rectangular projection of the line of intersection of the lowest outer edges of the building's walls with the surface of the ground onto the horizontal plane.
2c. If a building is entirely constructed on pillars only, the contour of the building structure shall be a closed line defined by a rectangular projection of the lowest outer edges of the building's walls that are based on these pillars onto the horizontal plane.
2d. In the case of a specific type of a building structure such as a pavilion, the contour of this building structure shall be a line defined by a rectangular projection of the outer edges of the roof onto the horizontal plane in order to be entered into the database of the real estate cadastre.
2e. In the case of building structures with underground floors only, the contour of this building structure shall be a closed line defined by a rectangular projection of its outer edges onto the horizontal plane.
2f. If, in a multi-story building, the rectangular projections of some of its stories onto the horizontal plane are not consistent with the contour, or if neighboring buildings are connected by skyways or subways, these parts of a building that extend beyond the contour or are connections are distinguished in the cadastral database as blocks of a building structure using a numerical description.
3. The development area of a building structure is the surface area of a geometric figure defined by its contour referred to in Sections 2a-2d along with the area of a geometric figure defined by its blocks referred to in Section 2f (if applicable).
Summary
Today, there is so much discussion about the legal system in Poland that it should better serve its citizens. While bringing up the issue of how necessary it is for both legal provisions and legal acts to be formulated using the language that is easily understandable by these citizens, we must be aware that the definition of the contour of a building as well as other definitions contained in legal acts related to geodesy and cartography will be used primarily by surveyors and contractors. They do not have to be specialists in legal issues (and, in fact, they usually are not); therefore, the provisions in the legislation on surveying should be as simple and transparent as possible. Only then will they be applicable. After all, each surveyor wants to do his/her job well and quickly, and the role of the legislator is to facilitate this task.
It is also important to precisely identify which registers will use the cadastral data of buildings and which will automatically implement the data to the real estate cadastre [2] . Harmonization of the cadastral data and its coherence should be ensured within these registers (as also emphasized in [1, [6] [7] [8] . Moreover, membership in the European Union obliges member states to harmonize their resources -including those on building structures -with regard to the spatial information within INSPIRE [29] . Development of the cadastre of buildings towards a 3D model for which the proper legal system should become the basis shall not be disregarded either [11, 14] .
By introducing the proposed definition of the development area of a building, semantic coherence within the activities related to the investment process in construction will be ensured [26] . In this process, "the plot ratio" is used at the stages of planning and development, which, according to one of the interpretative methods, requires that the value of the total surface area of the building's aboveground stories be calculated along the external outline of the building [19] .
